luid and electrolyte therapy is one of those things that define -pediatrics, like the study of growth and development. Although much has been written about this topic, it is still the subject of research. In 1993, Pediatrics in Reviewj',2 had a two-part series on this topic, and the November 1996 issue again devoted a section to fluid and electrolyte therapy. 3 Indeed the article by Teach et a14 in this issue of theJournal caused me to realize that several articles in the past several years have continued to refine the delivery of fluid therapy. The underlying theme of these various articles is that, as with much of medicine today, generalities may not be appropriate and the fluid therapy should be tailored to the situation.
Holliday5 in a recent article chronicled the history of fluid therapy. Early observations concerning fluid therapy for children with dehydration secondary to cholera were published by O'Shaughnessy6 in the Lancet. About the same time, Latta7 reported infusing a saline solution into severely dehydrated patients with cholera with miraculous results. These findings were repeated and refined in the late 1890s and early 1900s. These saline solutions tended to be hypotonic (sodium 106 meq/L), and they dropped the death rate dropped to 20% from nearly 100%. However, the infusions needed to be given rapidly and in large quantities. Sellards8 gave isotonic saline intravenously every 2 to 6 hours until signs of dehydration were gone. Death rates from cholera continued to decline, to below 10%.
In a departure from intravenous rehydration, oral rehydration therapy began to be used in 1968; however, the sodium concentration used needed to be refined. Currently two oral electrolyte solutions are commonly used: one with 90 meq/L and another with 60 meq/L. Although excellent results with oral rehydration therapy have been reported, some pediatricians may still feel more comfortable with intravenous hydration.
Oral fluids are not indicated, however, for severely dehydrated patients with intravascular volume depletion. In 1991, Carcillo et a19 reported fluid therapy in patients with septic shock. These authors tested the hypothesis that larger volumes of fluid would improve survival. Three groups of patients were studied: in the first hour, group I received <2OmL/kg; group II 20-40 mL/kg; and group III >4OmL/kg. Group 1 received 11 and 71 mL/kg at 1 These adverse events were not associated with fluid volume received or with decreased survival. The authors concluded that fluid resuscitation with more than 40 mL/kg in the first hour improved survival, decreased persistent hypovolemia, and did not affect adverse pulmonary complications.
Another important group of patients who may require large volumes of fluid for resuscitation are patients in diabetic ketoacidosis. Adrogue et al'0 studied 23 adult patients with diabetic ketoacidosis with two protocols. In the first, 0.9% saline was infused at 1,000 mL/hr in the first 4 hours and then at 500 mL/hr during the following 4 hours. In the second protocol 0.9% saline was infused at half the rate of protocol 1. All patients had similar degrees of acidosis at the time of admission (7.10 ±0.03 vs 7.13 ±0.03). None of the patients were in circulatory collapse that required vasopressors or plasma expanders. Other than higher plasma bicarbonate concentrations in patients in the second protocol, there were no differences between the two groups in serum electrolyte concentrations. Neither pul-monary edema nor cerebral edema was noted in either group. Thus high infusion rates may not be appropriate for all patients with diabetic ketoacidosis. These authors, calculating the fluid replacement on a per kilogram basis, suggested that 7 mL/kg/hr in the first 4 hours followed by 3.5 mL/kg/hr might be applicable in the treatment of children with diabetic ketoacidosis.
Another situation in which less may be more is that of the hypotensive patient with a penetrating torso wound. Bickell et all' studied immediate and delayed fluid resuscitation in 598 adults with penetrating torso injuries who presented with a systolic blood pressure no more than 90 mmHg. The study was performed on patients being transported to the hospital after initial injury. Patients assigned to the immediateresuscitation group received standard fluid resuscitation before they reached the hospital and the trauma center, and those assigned to the delayed-resuscitation group received intravenous cannulation but no fluid resuscitation until they reached the operating room. The groups did not differ by age, sex, systolic blood pressure (58 vs 59 mmHg), injury severity score, probability of survival, mechanism of injury, or patient care times (response interval, scene interval, transport interval, traumacenter interval, and intraoperative interval). Of the 289 patients who received delayed fluid resuscitation 203 (70%) survived and were discharged from the hospital compared with the 193 of the 309 (62%) who received immediate therapy. The estimated intraoperative blood loss was the same for both groups. Both groups had similar rates of postoperative complications (adult respiratory distress syndrome, sepsis syn-drome, acute renal failure, coagulopathy, wound infection, and pneumonia). However, the duration of hospitalization was shortened in the delayed-resuscitation group. The authors speculate that the immediate-resuscitation group had worse outcomes because their coagulation factors were diluted before surgery, thus increasing preoperative blood loss, which contributed to mortality. Indeed, at the time of arrival at the trauma center, the delayed-resuscitation group had significantly higher hemoglobin concentrations and shortened prothrombin times. Of interest is the fact that the rate of fluid administration in the operating room was also markedly less in the delayed-resuscitation group (117 vs 91 mL/min). The authors are quick to point out that these results apply only to the patient population they studied, but if the results are correct, the physiology should apply to children as well. Thus the conventional wisdom of giving large boluses of crystalloid for penetrating injuries causing blood loss may not be the best fluid therapy.
Thus the type, volume, and route of fluid administration may depend on the situation. As with most things in medicine, one size does not fit all. In all of these articles, however, the decision to replace fluids began with an evaluation of the patient. It is this evaluation that guides the clinician as to how much fluid to provide. The article of Teach et a14 makes two points: clinical findings are not infallible and the laboratory is not much help. Of the 40 patients finally enrolled into the study, 8 (12.5%) weighed less at reevaluation; their dehydrated weight was greater than their hydrated weight! Nevertheless, physical evaluation works most of the time and the laboratory is of some help; it can sometimes be supportive, but it cannot take the place of patient evaluation. Thus although fluids and electrolytes continue to be a mainstay of pediatric practice, refinements are still necessary to provide the correct amount of fluid in the appropriate situation.
